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    2x 3x 4x 5x 6x 7x 8x 9x 10x 11x 12x 14x p value 
Genus N 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 5S 35S 
Brachyscome 7 2 2 2 2 4 2-4     6 2     8 2                     0.62 0.015 
Chenopodium 54 2-4 2-4     2-6 2-4     6-8 2-4                             0.884 <0.0001 
Eleocharis 30 2 4-10     2-4 2-8 2 4 2-4 4-8     4 8-10                     <0.001 0.002 
Festuca 66 2-6 2-6     4-8 2-8     2-8 4-8     8 2     4-11 2-12             0.019 0.004 
Fragaria 37 2 4-6     4 12     6 16-17     2 10     4-6 12-15             <0.0001 <0.0001 
Helictotrichon 17 2-6 4-12     6-9 6-12                     18 10             0.027 0.29 
Hordeum 51 1-9 1-12     3-14 2-24     4-10 6-18                             0.055 0.052* 
Lepidium 13 2 2                 2 2-4     2 2- 4     2 2     4 2 <0.0001 <0.0001 
Linum 37 2-10 2-10     2-8 2-4                                     <0.01 0.014 
Melampodium 32 2 4     2-4 4     4-6 4-6                             0.038 <0.0001 
Nicotiana 49 2-6 2-6     2-4 4-10                                     0.006 0.126 
Rumex 12 2-4 2-4     4-6 4 4 2 2-8 4                             0.108 <0.0001 
Saccharum 16 4 4     6 8     6-10 6-10     8-12 8-12     10-14 10     12 12 14 10 0.002 <0.0001 
Artemisia 53 1-9   6-12   12       16-18       0.013 
Table 3 Polyploid series of different genera found in the database and the range of rDNA loci for each rDNA (except for Artemisia, 
where, as L-type species only one rDNA has been considered) and ploidy level. P-value refers to the correlation between the 
number of rDNA sites per monoploid genome vs. ploidy level. All slopes are negative except for (*) 35S rDNA loci in Hordeum.  
N, size of the sample.  
 
Taxa Family 2n p.l. 5S  35S n. ind. n. sources 
Variation of both 5S and  35S rDNAs             
Alstroemeria aurea Alstroemeriaceae 16 2 8, 12, 14 24, 26 3 2 
Brassica napus Brassicaceae 38 4 8, 10, 12, 18 10, 11, 14, 16 13 6 
Brassica rapa Brassicaceae 20 2 4, 6, 8, 9, 10 6, 10, 12 12 6 
Phaseolus vulgaris Fabaceae 22 2 2, 4, 8 4, 5, 6, 8, 9, 12, 14, 16 14 7 
Pinus nigra Pinaceae 24 2 2, 4 16, 18, 26, 22 7 3 
Pinus sylvatica Pinaceae 24 2 2, 4 14, 16 4 4 
Tulipa gesneriana Liliaceae 24 2 45, 56 11, 13 2 1 
Zingeria biebersteiniana Poaceae 4 2 2, 4 2,4,6 4 2 
Variation of 5S rDNA               
Arabidopsis thaliana Brassicaceae 10 2 4, 6, 10 4 4 3 
Lens culinaris1 Fabaceae 14 2 2, 4 2 5 3 
Musa acuminata Musaceae 22 2 4, 6, 8 2 5 3 
Variation of 35S rDNA               
Brachypodium sylvaticum Poaceae 18 2 2 4, 5, 6 5 1 
Brassica juncea Brassicaceae 36 4 10 12, 14, 16 7 3 
Capsicum annuum1 Solanaceae 24 2 2 2, 4, 6 5 2 
Fragaria vesca Rosaceae 14 2 2 4, 5, 6 12 2 
Lotus japonicus1 Fabaceae 12 2 2 4, 6 4 3 
Genus Larix Pinaceae 24 2 2 4, 5, 6 9 3 
Constancy of both rDNAs               
Arachis duranensis Fabaceae 20 2 2 4 3 3 
Artemisia absinthium Asteraceae 18 2 42 42 4 3 
Brachypodium pinnatum Poaceae 28 4 4 4 4 1 
Brassica oleracea Brassicaceae 18 2 2 43 20 4 
Hydrangea aspera Hydrangeaceae 344 2 2 4 4 1 
Medicago sativa Fabaceae 16 2 4 2 6 2 
Medicago sativa Fabaceae 32 4 8 4 3 1 
Vicia narborensis Fabaceae 14 2 2 2 6 4 
Genus Daucus Apiaceae 18, 20, 22, 44 2, 4 2 2 13 2 
Genus Lepidium Brassicaceae 16, 56, 72, 112 2, 9, 7, 11, 14 23 23 13 1 
Genus Podocarpus Podocarpaceae 344 2 23 23 8 1 
Genus Quercus Fagaceae 24 2 2 43 20 3 
Genus Spondias Anacardiaceae 32 ? 2 2 6 1 
Table 2 Taxa showing most relevant examples of intraspecific variation (A, B, C) and constancy 
(D) on the number of rDNA loci. p.l. (ploidy level), n. ind. (number of individuals assessed), n. 
sources (number of publications contributing data for a given taxon). (1) rDNA constant 
throughout the whole genus; (2) as L-type species, 5S and 35S loci in Artemisia are always equal; 
(3) one or two individuals with different loci number; (4) some individuals with different 
chromosome number (+/- 2). 
  Numbers (%)  Range in 
ploidy  
%  
polyploids 
Range 
  Families Genera Species Records 2n 5S loci 35S loci 
Gymnosperms 6 (7.14) 14 (3.99) 69 (4.29) 115 (4.05) 2-4 0.87 16-44 1-24 2-38 
Angiosperms 73 (86.90) 332 (94.59) 1531 (95.15) 2713 (95.56) 2-15 62.64 4-180 1-71 1-36 
   Monocots  15 (17.86) 76 (21.65) 459 (28.53) 964 (33.96) 2-15 40.09 4-180 1-71 1-34 
   Eudicots 58 (69.05) 256 (72.93) 1072 (66.63) 1749 (61.61) 2-14 22.55 4-112 1-26 1-36 
Bryophytes 2 (2.38) 2 (0.57) 3 (0.19) 5 (0.18) 1-2 0.00 9-18 2-8 1-10 
Pteridophytes 3 (3.57) 3 (0.85) 6 (0.37) 6 (0.21) 2 0.00 20-78 - 2-10 
Global 84 351 1609 2839 1-15 27.30 4-180 1-71 1-38 
Table 1 Summary of data contained in the Plant rDNA database (release 2.0). 
Percentages and ranges are calculated from the whole database.  
A new release is being prepared to be delivered soon! (probably by the end of 2016) 
Figure 1 Growth of the database in 
terms of the number of species 
represented: the whole database 
expanded from 1033 to 1609 
(55.76%), angiosperms from 966 to 
1531 (58.49%) of which eudicots 
increased from 701 to 1072 
(52.92%), monocots from 265 to 
459 (73.20%) and gymnosperms 
from 64 to 69 (7.81%).. Data taken 
from the Plant rDNA database 
(Release 2.0, July 2013). 
Figure 3 Idiograms describing the modal and ancestral karyotypes of 
gymnosperms and angiosperms. 35S rDNA is depicted in green and 5S in red. 
 
Figure 4 Character state reconstruction of the ancestral 35S (left) and 5S (right) chromosome localization in land plants. 
 
 Family Release 1.0 Release 2.0 Increase (%) 
Poaceae 204 (2) 551 (1) 170 
Asteraceae 157 (3) 356 (2) 127 
Fabaceae 207 (1) 331 (3) 60 
Brassicaceae 135 (4) 161 (4) 19 
Solanaceae 86 (5) 138 (5) 60 
Table 4 A comparison of the number of records for the most popular and widely represented 
families in the Plant rDNA database. 
 
Figure 2 Number of 5S and 35S rDNA loci per monoploid genome across different 
ploidy levels.  
 
Flowchart showing the possible database outputs and options for a given search. The karyotype appears as a pop-up 
window, in which the 5S rDNAs are depicted in red and the 35S in green. 
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The results of the analyses of the data contained in the database indicate that: (1) while there are species showing a relevant degree of variation in both 5S and 35S rDNA loci numbers, there are some others showing remarkably constant figures of rDNA loci (Table 2); (2) 
globally, there is a mild loci loss per monoploid genome with increasing ploidy, both in 5S and 35S rDNA loci, more apparent in the number of 35S loci (Figure 2), and this can also be observed in the specific polyploid series of certain genera (Table 3); (3) the most popular 
families in the database are usually crop-rich families (Table 4) which points that more research is needed in non-crop/ non-model species; (4) modal and ancestral karyotypes have been calculated and reconstructed, respectively (Figure 3). The modal values of 
gymnosperms are strongly influenced by the high prevalence of Pinaceae in the gymnosperm sample, since this family typically holds high numbers of 35S rDNA loci in their genomes; (5) the character state reconstruction of the rDNA loci position across the phylogeny of 
land plants reconstructs the ancestral position of 35S rDNA as terminal and the ancestral position of 5S rDNA as interstitial (Figure 4).  
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